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????????? X 2 X,?????????? Y 2 Y??????X;Y?????
???? x; y???????W = fW(yjx)g(x;y)2XY??????????????(X;Y)?
????? pXY ??????????????????? pX?W?????
pXY = fpXY(x; y)g(x;y)2XY
= fpX(x)W(yjx)g(x;y)2XY (2.1)









? 2? 2????????????? 6










????X?? 2??????? pX; qX ?????????C(W)????????
???????????
F(pX; qX) , I(qX;W) + D(qY jjpY)   D(qX jjpX) (2.4)
??? pY ; qY ???????? pX; qX?????????? X 2 X?????????
????? Y 2 Y??????????????








???????pY ; qY ????????? pX; qX????W????????????
?????????qY = qXW; pY = pXW???????? F(pX; qX)?
F(pX; qX) , I(qX;W) + D(qXW jjpXW)   D(qX jjpX)
?????????????????????????
?? 1 ???? qX???,F(pX; qX)? pX = qX???????
F(qX; qX) = I(qX;W) (2.5)
????
(??) ??????????????????
D(qY jjpY) = D(qXW jjpXW)  D(qX jjpX) (2.6)
? 2? 2????????????? 7
?????????????? B??????(2.6)????????
F(pX; qX) = I(qX;W) + D(qXW jjpXW)   D(qX jjpX)  I(qX;W) (2.7)
??? pX = qX???????? 
?????? pX??????????????????????











































? (2.9)??????????????????? 1K ???????????
























???? 1,2???? C(W)????????????????t = 0; 1; 2; ::::???
U X Y Z??????
q[t]X = fq[t]X (x)gx2X (2.11)
?????????
? 2? 2????????????? 8
??????????
1. q[0]X ?X???????????



























(a) F(q[0]X ; q[1]X )
(b) F(q[1]X ; q[1]X )  :::::
(a) F(q[t 1]X ; q[t]X )
(b) F(q[t]X ; q[t]X ) (2.14)
(a) F(q[t]X ; q[t+1]X ) (2.15)



























(??) ?? 1???????????? (a)? (2:17)???? 1????????
??? (b)? (2:16)??? 2????? 
?????Arimoto-Blahut ??????????????????????????
?????
? 2? 2????????????? 9
2.3 ????????









?? 2 t = 0; 1; 2; :::???????????
C(W)   F(q[t]X ; q[t+1]X )






















=  D(qY jjq[t]Y ) + D(qX jjq[t]X )   D(qX jjq[t+1]X )
?? 2????????????????
?? 1 Arimoto-Blahut????????????? fq[t]X g+?t=0 ? t? +???? qX???
???
(??) ?? 2???t = 0; 1; 2; :::????????????
C(W)   F(q[t]X ; q[t+1]X )  D(qX jjq[t]X )   D(qX jjq[t+1]X ) (2.19)
????t = C(W)   F(q[t]X ; q[t+1]X )?????
t  D(qX jjq[t]X )   D(qX jjq[t+1]X ) (2.20)
t = 0; 1; 2; ::::T ??????????
TX
t=0
t  D(qX jjq[0]X )   D(qX jjq[T+1]X ) (2.21)




t  D(qX jjq[0]X )
????
0  T  1T D(q

X jjq[0]X )? 0(T ? +?)









????X;Y;Z?????????????????????? X 2 X,?????
????? Y 2 Y,Z 2 Z??????X;Y;Z????????? x; y; z???????
? 3.1: ???????
????????????????
W = fW(y; zjx)g(x;y;z)2XYZ
????????????????
W(y; zjx) = fW1(yjx)W2(zjy)g(x;y;z)2XYZ (3.1)
???????????????
?? (3.1)?????????????????? (Degraded Broadcast Channels(DBC))
?????????????????? DBC???????????????????
X?Y?Z??????? X? Y? Z????????????
11




pUXYZ(u; x; y; z) = fpUXYZ(u; x; y; z)g(u;x;y;z)2UXYZ (3.2)
?????????????? (3.2)???? (U?X?Y?Z)???????U? X?Y?Z
???????????????? X 2 X?Y 2 Y?Z 2 Z? (3.2)??????????
????? Ip(X;Y jU)?Ip(Z;U)?????????
Ip(X; Y jU) =
X
u;x;y









(U?X?Y?Z)????? p = pUXYZ???P(W1;W2)?????????
P(W1;W2) ,






























??????R1 +R2 = C()(W1;W2)???CDBC(W1;W2)??????????????
CDBC(W1;W2)????????? 3.3?????????????R1+R2 = Ip(X;Y jU)+
Ip(Z;U)? CDBC(W1;W2)??? (Ip(X; Y jZ); Ip(Z;U))?p 2 P(W1;W2)????????






















Ip(X; Y jU) + Ip(Z;U) = Hp(Y jU)   Hp(Y jX) + fH(Z)   H(ZjU)g
= Hp(Y jU)   Hp(Y jX) + H(Z)   H(ZjU) (3.4)
?????????(3.4)? Hp(Y jU)??































? 3? ?????????????? 15
?? pUX???????????????????? (3.4)?????????????
??Hp(Y jU) Hp(Y jX)+ H(Z)????? H(ZjU)????????????????
?????
Yasui and Matsushima ’2010[6]???:



























IpUX (X;Y jU) + IpUX (U; Z)

??? p = (pUX;W1;W2)?????W1?W2?????????????????
Ip(X; Y jU) = IpUX (X; Y jU)
?????C()(W1;W2)?????????????????
F(pUX; qUX) , IqUX (X; Y jU) + D(qY jU jjpY jU jpU)   D(qXjU jjpXjU)
+IqUX (U; Z) + D(qZ jjpZ)   D(qZjU jjpZjU jpU)   D(qU jjpU) (4.1)
??????????????
?? 3 ???? qUX????F(pUX; qUX)? pUX = qUX??????
F(qUX; qUX) = IqUX (X;Y jU) + IqUX (U; Z)
????
16
? 4? ???????? 17
(??) ?????????????????
D(qY jU jjpY jU)  D(qXjU jjpXjU) (4.2)
D(qZjU jjpZjU)  D(qZjXU jjpZjXU) (4.3)
?????????????????? B????? A??????(4.2),(4.3)???
(4.1)?
F(pUX; qUX) = IqUX (X; Y jU) + D(qY jU jjpY jU jpU)   D(qXjU jjpXjU)
+IqUX (U; Z) + D(qZ jjpZ)   D(qZjU jjpZjU jpU)   D(qU jjpU)
 IqUX (X; Y jU) + IqUX (U;Z)
????????? pUX = qUX???????? 
??????? pUX????F(pUX; qUX)???????????????????


















































ApUX (u; x) =
X
y
W1(yjx) log W1(yjx)pY jU(yju) (4.7)
BpUX (u; x) =
X
z


















qU(u)qXjU(xju) log qUX(u; x)
exp






























???????C()(W1;W2)????????????????t = 0; 1; 2; :::????
U X??????























?? 4 t = 0; 1; 2; :::???????????????
F(q[0]; q[0])
(a) F(q[0]; q[1]) (b) F(q[1]; q[1])  :::::
(a) F(q[t 1]; q[t])
(b) F(q[t]; q[t]) (4.15)
(a) F(q[t]; q[t+1]) (4.16)
(b) F(q[t+1]; q[t+1])  ::::::
 C()(W1;W2)
? 4? ???????? 19
?????? (4:15); (4:16)?????????????????????
F(q[t]; q[t]) = Iq[t](X;Y jU) + Iq[t](U;Z) (4.17)
F(q[t]; q[t+1]) = logKt




(??) ?? 6???????????? (a)?? (4:18)??? 4??????????








IpUX (X;Y jU) + IpUX (U; Z)

= F(q; q)
= Iq(X; Y jU) + Iq(U;Z) (4.19)
?????????????????
?? 5 t = 0; 1; 2; :::????????????
C()(W1;W2)   F(q[t]; q[t+1])






Aq(u; x)   Aq[t](u; x) + 









=  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z ) + D(qZjU jjq[t]ZjU)
+D(qjjq[t])   D(qjjq[t+1]) (4.20)
????? t = 0; 1; 2; :::????
 D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z ) + D(qZjU jjq[t]ZjU)  0 (4.21)
? 4? ???????? 20
???????????Arimoto-Blahut?????????????????????
???????








!(?)q (u; x; y; z) , log
W1(yjx)





qZY jXU(z; yjx; u) (4.23)
F(;)(p; q) , (1 + )
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)p (u; x; y; z) + log
p(u; x; y; z)
q(u; x; y; z)

(4.24)
?? F(;)(p; q)??(; )?????????????? p; q????????????
???????? (; )??????
0    1 +  (4.25)
???????????????????????????




q(u; x; y; z)

!(;)q (u; x; y; z)

= Iq(X; Y jU) + Iq(Z;U)   D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)(4.26)
????
? 4? ???????? 21







q(u; x; y; z)
 1
1 + 
!(;)p (u; x; y; z) + log
p(u; x; y; z)





q(u; x; y; z)
 1
1 + 





!(;)p (u; x; y; z)   !(;)q (u; x; y; z)
#
+ log
p(u; x; y; z)





q(u; x; y; z)
 1
1 + 












pZY jXU(z; yjx; u)
  log W1(yjx)
qY jU(yju)    log
qZjU(zju)
qZ(z)
   log W2(zjy)W1(yjx)
qZY jXU(z; yjx; u)

+ log
p(u; x; y; z)





q(u; x; y; z)
 1
1 + 























p(u; x; y; z)





q(u; x; y; z)
 1
1 + 































0    1 +  (4.28)
???? J1  0????????? (4:28)??????? 11+F(;)(p; q)??p = q??
???????? 














Iq(X; Y jU) + Iq(Z;U)
 D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)

(4.30)
C(;)(W1;W2)? > 0???????????????  > 0???




C(;)(W1;W2) = C()(W1;W2) (4.32)






q(u; x; y; z)f!(;)q (u; x; y; z)g
= Iq(X; Y jU) + Iq(Z;U) + 
X
u;x;y;z
q(u; x; y; z) log
W2(zjy)W1(yjx)
qZY jXU(z; yjx; u)
= Iq(X;Y jU) + Iq(Z;U)   D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)
???.???? (4:30)????????? (4:31); (4:32)????
q = q = fq(u; x; y; z)g(u;x;y;z)2UXYZ (4.33)
?C(;)(W1;W2)???????????
C(;)(W1;W2) = F(;)(q; q

)
= Iq(X; Y jU) + Iq(Z;U)
 D(qZY jXU;jjW1;W2jqXU;)   D(qY jXU;jjW1jqXU;) (4.34)








(;) , Iq(X;Y jU) + Iq(Z;U)  C(;)(W1;W2)
? 4? ???????? 23
?????? (4:34)??
0  D(qZY jXU;jjW1;W2jqXU;) =







C(;)(W1;W2)  Iq(X; Y jU) + Iq(Z;U) (4.36)
?? qˆ = qˆUXYZ;?
qˆUXYZ;(u; x; y; z) = qXU;W1(yjx)W2(zjy)
????? qˆ 2 P(W1;W2)????????????
D(qjjqˆ) = D(qUXYZ;jjqˆUXYZ;)
= D(qZY jXU;jjW1;W2) =
(;)

? +1???? D(qjjqˆ)? 0?????????
Iq(X; Y jZ)??? Iq(Z;U)??? q?????????






(a) Iq(X; Y jU) + Iq(Z;U)
(b) Iqˆ(X;Y jU) + Iqˆ(Z;U) + ()
(c)C()(W1;W2) + () (4.38)
??????? (a)? (4:36)??????????? (b)? (4:37)???????????
? (c)?qˆ 2 P(W1;W2)?C()(W1;W2)???????????C()(W1;W2)??????
?? q˜????,q˜? 2 P(W1;W2)??????????? (u; x; y; z) 2 (U  X  Y Z)
???
q˜Y jXU;(yjx; u) = W1(yjx);
q˜ZY jXU;(z; yjx; u) = W2(zjy)W1(yjx)
?????????
D(q˜ZY jXU;jjW1;W2jq˜XU;) = D(q˜Y jXU;jjW1jq˜XU;) = 0
? 4? ???????? 24
????
C()(W1;W2) = Iq˜(X;Y jU) + Iq˜(Z;U)
= Iq˜(X;Y jU) + Iq˜(Z;U)
 D(q˜ZY jXU;jjW1;W2jq˜XU;)   D(q˜Y jXU;jjW1jq˜XU;)
 C(;)(W1;W2) (4.39)
??????? (4:38); (4:39)????????
0  C(;)(W1;W2)  C()(W1;W2)  ()
??? ? +1????? (4:32)???? 




 F(;)(p; q)??????????? p; q???????. 
????????????????????? p???? F(;)(p?q)?????????
??????????
?? 7 ???? p????F(;)(p?q)??






!(;)p (u; x; y; z)

p(u; x; y; z)







!(;)p (u; x; y; z)









q(u; x; y; z) log
expf 11+!(;)p (u; x; y; z)gp(u; x; y; z)









!(;)p (u; x; y; z)

p(u; x; y; z)








q(u; x; y; z) log
1
K expf 11+!(;)p (u; x; y; z)gp(u; x; y; z)




q(u; x; y; z) log
1
K expf 11+!(;)p (u; x; y; z)gp(u; x; y; z)
q(u; x; y; z)
 0
??????????? (4:41)????????
F(;)(p; q)  (1 + ) logK (4.42)
? (4:42)???????






!(;)p (u; x; y; z)

p(u; x; y; z) (4.43)
???????? 
?? 5   7????,????? ???? C(;)(W1;W2)????????????
???
t = 0; 1; 2; ::::???U X Y Z??????
q[t] = fq[t](u; x; y; z)g(u;x;y;z)2UXYZ
?????????
??????????
1. q[0]?U X Y Z???????????
2. t = 0; 1; 2; :::?????????????????









(u; x; y; z)












(u; x; y; z)

q[t](u; x; y; z)
????????????????????????????
? 4? ???????? 26
?? 6 t = 0; 1; 2:::???????????????
F(;)(q[0]; q[0])
(a) F(;)(q[0]; q[1]) (b) F(;)(q[1]; q[1])  :::::
(a) F(;)(q[t 1]; q[t])
(b) F(;)(q[t]; q[t]) (4.45)
(a) F(;)(q[t]; q[t+1]) (4.46)






q[t](u; x; y; z)f!(;)
q[t]
(u; x; y; z)g
= Iq[t](X;Y jU) + Iq[t](Z;U)
 D(q[t]ZY jXU jjW1;W2jq[t]XU)   D(q[t]Y jXU jjW1jq[t]XU) (4.47)
F(;)(q[t]; q[t+1]) = (1 + ) logKt









(u; x; y; z)

q[t](u; x; y; z) (4.48)
(??) ?? 6???????????? (a)?? (4:48)??? 7??????????







fIp(X + Y jU) + Ip(Z + U)g (4.49)
 ???maxp2P(W1;W2)??????????????????Arimoto-Blahut???
?????????



















Iq(X; Y jU) + Iq(Z;U)

























q(u; x; y; z)f!(;)q (u; x; y; z)g (5.1)
???????????????????????????
?? 7 t = 0; 1; 2; ::::????????????
C(;)(W1;W2)   F(;)(q[t]; q[t+1])




q(u; x; y; z)!(;)q (u; x; y; z)   (1 + ) logKt




  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z )
 D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU) (5.2)
(??) ???????????? (4:44)?????? (u; x; y; z)?????????
???




(u; x; y; z)   (1 + ) log q
[t+1](u; x; y; z)
q[t](u; x; y; z)
(5.3)
28
? 5? ???????????? 29
















(u; x; y; z)   (1 + ) log q
[t+1](u; x; y; z)
q[t](u; x; y; z)

(5.4)
? (5:1)?(5:4)???C(;)(W1;W2)   F(;)(q[t]; q[t+1])?????????????













(u; x; y; z)   (1 + ) log q
[t+1](u; x; y; z)
q[t](u; x; y; z)

= (1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)








q (u; x; y; z)   !(;)q[t] (u; x; y; z)

= J2 + J3 (5.5)
????
J2 = (1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)








q (u; x; y; z)   !(;)q[t] (u; x; y; z)

???????? J2?????
J2 = (1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)
q[t](u; x; y; z)
 log q
(u; x; y; z)
q(u; x; y; z)
= (1 + )
X
u;x;y;z
q(u; x; y; z)

log
q(u; x; y; z)
q[t](u; x; y; z)
  log q
[t+1](u; x; y; z)
q(u; x; y; z)





















qZY jXU(z; yjx; u)
  log W1(yjx)
qY jU(yju)




   log W2(zjy)W1(yjx)

















q[t]ZY jXU(z; yjx; u)
qZY jXU(z; yjx; u)

=  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z )
 D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU) (5.7)
? (5:5)   (5:7)???????????













q(u; x; y; z) log
q[t+1](u; x; y; z)
q[t](u; x; y; z)




  D(qY jU jjq[t]Y jU jqU)






?? 8 ? (5:2)?????? t = 0; 1; 2; :::???
  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z )
  D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU)  0 (5.8)
????????????????????????????????????? fq[t]g1t=1
?C(;)(W1;W2)???????????????
? 5? ???????????? 31
(??) (5:8)?????????????????









C(;)(W1;W2)   F(;)(q[t]; q[t+1])

= (1 + )[D(qjjq[1])   D(qjjq[T+1])] (5.10)
????????





t  (1 + )[D(qjjq[1])   D(qjjq[T+1])]
 (1 + )D(qjjq[1])
????
0  T  1 + T D(q





  = 0??????????????????????????????????
??????????













? 6? ???? 33
I(X;Y jU) = H(Y jU)   H(Y jX;U)
= H(  1)   H(1)?   1 = (1) + (1   )1
I(U;Z) = H(Z)   H(ZjU)
= 1   H(  p)?   p = (1   p) + (1   )p? p = 12 + 12
6.2 ?????
??????????????????????????????C(;)(W1;W2)??
?????????????????U X Y Z?????? fq[t] g+?t=0 ??????
??? ???????????
???????? 
 = 106; 0    1 + 
k = k; k = 0; 1; 2; :::d1+ e;  = 10 4 
???????????????? ? 10 4??????????? ??????
????????????????????????????????
????????? 
??? (u; x; y; z)????
jq[t]k (u; x; y; z)   q[t 1]k (u; x; y; z)j  ;  = 10 4




1.U X Y Z???? q[0]0 ?????????





















































































































































































































































q(0; 0) = 0:115822 q(0; 1) = 0:115890 q(0; 2) = 0:106603
q(1; 0) = 0:093810 q(1; 1) = 0:132307 q(1; 2) = 0:106580





q(0; 0) = 0:128118 q(0; 1) = 0:088595 q(0; 2) = 0:145526
q(1; 0) = 0:080623 q(1; 1) = 0:123015 q(1; 2) = 0:073763





q(0; 0) = 0:114849 q(0; 1) = 0:123280 q(0; 2) = 0:100182
q(1; 0) = 0:103137 q(1; 1) = 0:129223 q(1; 2) = 0:099822





q(0; 0) = 0:118767 q(0; 1) = 0:101191 q(0; 2) = 0:094143
q(1; 0) = 0:096188 q(1; 1) = 0:121033 q(1; 2) = 0:128425
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(??) 0    1? X??? 2???????? (P1;Q1)? (P2;Q2)?????P =
P1 + (1   )P2;Q = Q1 + (1   )Q2??????











?????????????????D(pXjZ jjpY jZ jpZ)  D(pX jjpY)?????????
??????
?? B ???? P;Q??? 2?????? X1; X2???????W????????
???????????? Y1;Y2?????????????????????????
??????????????????






















= D(PW jjQW) (A.4)
?????? 
